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Title of the Invention 

SOLENOID VALVE INCLUDING A FLAT ARMATURE 

Field of the Invention 

The invention relates to a solenoid valve. 

Description of Related Art 

Solenoid valves of this type are used e.g. as pressure-limiting valves in 
hydraulic circuits or - more recently — in the control of common-rail diesel injection 
systems. Such valves are characterized by good response, which makes possible a fast 
pressure reduction in the system, e.g. in the common rail. In design, an effort has been 
made to structure the valves so that they are as compact as possible, while the flow 
resistance should be as low as possible. 

A previous solenoid valve in flat armature construction is described in DE 43 05 
789 Al, in which a coil form is held in an iron core - called the housing in the 
following. When the coil winding is not under load, the armature forms an axial slot 
with a pole core. In the known solution, a plunger is fastened to the flat armature, the 
free end section of which forms a spherical valve body against a valve seat when it is in 
base position. 

To decrease the manufacturing technology expense in manufacturing the 
housing, the pole core and the part of the housing that holds the coil form can be 
designed as two parts - as suggested in DE-OS 31 26 246. In designs such as this, the 
pole core stressed on its face that is at a distance from the flat armature with the fluid 
pressure acting on the valve body, so that a resulting pressure force acting in axial 
direction acts on the pole core. Since the pole core is often mounted by being pressed 
into the housing, under unfavorable conditions, i.e. with high input pressure and 
insufficient contact pressure between pole core and housing, it is possible for the pole 
core to be slid in axial direction toward the flat armature. Because of this change in the 
air gap, the magnetic force acting on the flat armature can no longer be unambiguously 
correlated to the opening cross section of the valve seat. This can lead to the fact that 
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the valve response no longer corresponds to the specifications so that recalibration of 
the solenoid valve is necessary. 

Brief Summary of the Invention 

In contrast, the present invention is based on the task of producing a solenoid 
5 valve in which functional safety is improved with minimum equipment technology 
expense. 

The task is solved by the characteristics of a solenoid valve according to the 
present invention. 

When the solenoid valve shown in Figure 1 has power supplied to it, the 
10 armature 38 is stressed with a force. This axial force is transferred over the armature 
38 to the plunger 36 so that its tip presses the valve body 28 against the valve seat 34 
and thus the pressure on the input connection P can be varied. 

Because of the measure according to the invention of stressing the pole core, 
which is separate from the housing, axially with about the same pressure, even a high 
1 5 input pressure can not lead to the pole core becoming displaced and the air gap thereby 
becoming changed. In this way, taking special measurements for axial determination in 
the housing can be avoided so assembly can be carried out in the previously customary 
manner, e.g. by pressing or crimping. 

Since the input connection is frequently connected to a drain or tank connection 
20 by way of the pressure limiting valve, it is especially advantageous if this low system 
pressure (tank pressure) is applied to both faces of the pole core. 

In a preferred variation, the housing is provided with a ring-shaped pole disk, 
whose side turned toward the armature matches the adjacent face of the pole core so 
that the axial air gap is limited on side by the armature and on the other side by the pole 
25 core and the pole disk. 

It is especially simple to manufacture the solenoid valve according to the 
invention if the pole disk is crimped with the housing. 

Usually a plunger is fastened on the flat armature, this plunger acting on the 
valve body with its free end section and pressing it against the valve seat in basic 
30 position (minimum air gap). In this process, the plunger passes through the pole core 
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along its axial direction. In a first alternative, a compensating channel can be formed to 
produce the pressure compensation between the two pole core faces, in that the plunger 
cross section is designed with a smaller dimension or with flattened areas, etc. so that a 
compensating channel is formed between the axial hole of the pole core and the 
5 plunger. Alternatively to this, a corresponding channel can be formed on the outer 
circumference of the pole core so that this compensation channel is delimited by the 
housing and the outer circumference of the pole core. In both variations, it is insured 
that the face on the valve seat side and the face on the armature chamber side of the 
pole core can be stressed with the same pressure with minimum manufacturing 
10 technology effort. 

This effort can be further reduced if the valve seat is formed on an insert piece 
that is installed in the housing. In this process, the connection is preferably made by 
crimping. 

In this design, the chamber of the housing formed upstream of the insert piece is 
1 5 connected to the holding chamber for the pole core by way of a connecting hole. In 
this, the connecting hole is designed so that it is larger than the corresponding outer 
diameter of the plunger passing through it so that the ring chamber between plunger 
and connecting hole is part of the compensating channel for stressing the two pole core 
faces with pressure. 

20 The armature chamber of the housing is preferably closed with a cover that has 

coil pins passing through it, while sealing rings are provided for the coil pins in the 
feed-through hole. 

The structure of the valve is especially simple if this cover is designed as a 
connector or pin exit. 

25 In this process, it is especially preferred if the housing is chamfered along some 

of its circumference for fastening the cover. 

Other advantageous further developments of the invention will be apparent from 
the description and claims that follow hereinafter. 


Substitute Page 3 of 1 1 


Attorney Docket No. 051480-5039 


Brief Description of the Several Views of the Drawings 

In the following, preferred embodiments of the invention will be explained in 
more detail using schematic drawings. They show: 

Figure 1 is a longitudinal cross section through a first embodiment of a solenoid 
according to the invention; 

Figure 2 is a side view of the solenoid valve from Figure 1 and 

Figure 3 is a second embodiment of a solenoid valve according to the invention. 

Detailed Description of the Invention 

Figure 1 shows a longitudinal cross section through a solenoid valve that is 
designed as a pressure limiting valve for common-rail diesel injection systems. A 
pressure connection P is connected by way of this solenoid valve 1 to a drain 
connection, preferably a tank connection T when the system pressure at connection P 
reaches a specified limit value. It is especially important, in particular in common-rail 
systems in which the injection pressure must not exceed a predetermined value, if 
excess pressure can be reduced as quickly as possible. Another criterion is that the 
pressure limiting valve has a structure that is as compact as possible with low part 
weight so that a light-weight design with higher reliability can be made available. 
Theses requirements are fulfilled in an exemplary manner by the solenoid valve 
according to the invention. 

This solenoid valve has a housing 2 manufactured of a magnetic metal, which is 
designed in cartridge construction and can be screwed into a valve block - or in the 
present case, into the housing of the rail high pressure pump. For this purpose, an outer 
thread 6 is formed on a radially recessed insert collar 4, with which a sealing ring 8 is 
associated for sealing with the rail or the high pressure pump 

A coil form 10 is held in the radially expanded area of housing 2. This has a 
winding 12 that is embedded in plastic shroud 14. 

Power is supplied to winding 12 by way of pins 16 that extend axially out of 
housing 2. 

In the embodiment shown, housing 2 is designed as a barrel in the view 
according to Figure 1, seen from the right, and surrounds a coil chamber 18 for holding 
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the coil form 10 and a holding chamber 20 for a pole core 21, recessed radially 
compared to coil chamber 18, which in the embodiment is manufactured of the same 
material as the housing. This holding chamber extends out of coil chamber 18 into the 
insert collar 4. 

5 A connecting hole 22 that expands in stages to a holder 24 for an insert piece 

26, on which a tapered valve seat 34 is formed on input connection P, is connected to 
the holding chamber 20. 

A chamber 30 is formed between the insert piece 26 and the mouth of the 
connecting hole 22, in which the tank connection T opens out as radial hole 32 (or 

10 radial hole star). 

In the basic position shown in Figure 1 , the connection between tank connection 
T and input connection P is closed by means of spherical valve body 28 that is 
prestressed against valve seat 34 by a plunger 36. The contact area of plunger 36 to 
valve body 28 is reduced conically. 

1 5 On the end section of the plunger 36 furthest from valve seat 34, a flat armature 

38 is mounted on which a compression spring 40 engages that is supported on a plastic 
cover of housing 2. In the embodiment shown, the right end section of plunger 36 
passes through the flat armature 38. In this process, the plunger is designed with a 
press fit with respect to the center hole of flat armature 38 and additionally chamfered 

20 with it by way of chamfer 44 so that an axial displacement of flat armature 38 along 
plunger 36 during normal operating conditions is almost ruled out. The chamfering 44 
forms a hub-shaped section that is surrounded by compression spring 40 and secures it 
in radial direction. 

Pole core 21 is inserted into holding chamber 20 of the housing with press fit 
25 and, in the embodiment shown, dips with a hub-shaped projection into connecting hole 
22. However, the outer diameter of the hub-shaped projection is smaller than the 
selected hole diameter so that a ring slot is formed through which fluid, in this case, 
diesel fuel, can pass through from chamber 30. 

The other face of pole core 21 extends through the coil form 10 up to flat 
30 armature 38. The relative arrangement is selected in such a way that in the base 

position shown, i.e. when valve body 28 is contacting valve seat 34, an axial air slot is 
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formed between the right face (view according to Figure 1) of the pole core 21 and the 
adjacent large surface of armature 38. 

Between the part of coil form 10 surrounding winding 12 and the flat armature 
38, a pole disk 48 is mounted in a radial shoulder of housing 2. The connection 
5 between housing 2 and this pole disk 48 can occur, for example, because of an axial 
crimp, so this connection can be produced in an extremely simple manner. 

Pole disk 48 overlaps flat armature 38 in radial direction. The large surface 
pointing toward the latter lies in the face plane of pole core 21 so that the pole piece 
surrounds the end section of pole core 20 projecting out of coil form 10 in a ring shape, 
10 at a distance. As a result, in some sections, the air gap is also delimited by pole piece 
48 and flat armature 38. 

As can be seen from the upper part of Figure 1, the pins 16 and a part of the 
plastic shroud 14 of coil body 10 surrounding it pass through a recess in pole piece 48. 
Pins 16 also pass through cover 42 of housing 2, whereby in the embodiment shown, in 
15 the passage area of the pins 16, a connection housing 50 surrounding them is formed, 
which together with pins 16 forms a connector exit. Connector housing 50 has a 
locking projection 52 to connect to the opposite piece of the plug connector. 

The pass-through hole for each pin 16 through cover 42 and the connector 
housing 50 formed with it is expanded on the coil-side end section to hold an O-ring 
20 gasket 54 so that there is a seal with the armature chamber 56 delimited by cover 42. 
In order to prevent displacement of pole core 21 when there is excessive 
pressure in chamber 30, armature chamber 46 is connected to chamber 30 by way of a 
connecting channel so that both faces of the pole core 21 will be stressed with 
essentially the same pressure. 
25 Several options exist for forming this connecting channel. In the embodiment 

shown in figure 1, the plunger is provided with flattened surfaces 58 so that the 
pressure fluid (diesel fuel) can escape out of chamber 30 and/or out of armature 
chamber 46 along the flattened surfaces 58 into the throughput hole of pole core 21. 

Since these flattened places 58 have to be produced with relatively great effort, 
30 the center area 60 of plunger 36 is designed with a smaller diameter than the two end 
sections provided with flattened areas 58 so that a ring slot is formed between center 
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area 60 and the peripheral wall of the pass-through hole for pole core 21, which makes 
passage of the fluid possible. 

Alternatively, the flattened areas 58 could naturally also be designed to be 
interconnected. 

5 In a variation that is not shown, a spiral-shaped or axial peripheral groove can 

be formed on the outer circumference so that the fluid can go from chamber 30 through 
the connecting hole 22 and along the left face of pole core 21 into this peripheral recess 
and from there, along the outer circumference of pole core 21 to armature chamber 45 
so that in this way, the same pressure is also present in chambers 56 and 30. 
10 As a modification from the embodiment shown in Figure 1 , the projection of 

pole core 21 that dips into connecting hole 22 can be eliminated so its left face is 
designed so that it is flat. What is important is that the fluid can pass through the 
connecting hole. 

When the power supply is interrupted, the flat armature 38 will be moved back 
15 to its initial position because of the force of compression spring 40, whereby plunger 36 
presses valve body 28 against valve seat 34 so that the end position of magnetic 
armature 38 with respect to pole core 21 is determined by the contact of valve body 28 
on valve seat 34. The material pairs must therefore be selected in such a way that wear 
in the area of the valve body 28 contact against plunger 36 and against valve seat 34 is 
20 restricted to a minimum so that the width of the air gap remains within the specified 
tolerances. 

As can be seen from the representation according to Figure 2, tabs 62 are 
formed that are distributed on the outer circumference of housing 2, these tabs being 
flattened down after the cover 42 seats so that they are fastened to the housing. 

25 Figure 3 shows an embodiment in which cover 42 is designed as a pin exit and 

thus has no connector housing 50, but only has pins 16 passing through it. In addition, 
the structure of the embodiment shown in Figure 3 corresponds to that of the 
embodiment shown in Figure 1 so that further designs can be avoided. 

The solenoid valve can be designed with valve seat, as well as with a sliding 

30 seat, while in the latter case the plunger runs against a stop that defines a switching 
position. 
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The design according to the invention can basically also be used in valves that 
are open in rest position and then are closed when power is applied to the winding. 

The solenoid valve shown is distinguished by an especially simple and compact 
structure, whereby assembly can be carried out with comparatively little effort. In the 
assembly, special attention should be given to the correct structure of the air gap and 
the matching arrangement of pole disk 48 and pole core 21. In a patent application 
submitted in parallel by the applicant, the corresponding calibration process is 
described in detail so that reference is made to the elaborations in that parallel patent 
application, which is designated with internal file number MA7256. 

A solenoid valve is disclosed, in particular for limiting the pressure of a fluid, 
with a flat armature that is mounted with an axial gap from a pole core. This pole core 
is used in a housing of the solenoid valve and will be stressed with the same fluid 
pressure from both faces. 
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